Rhaponticin and its 3"-fluoroanalog have been prepared from easily accessible starting materials. The key step of these syntheses is the silver carbonate-mediated glycosidation reaction employed for the selective formation of a β -glycosidic bond. A palladium acetate-catalyzed Heck-Mizoroki reaction in triethanolamine established an (E) configuration in the stilbene with simultaneous deprotection of the carbohydrate.
Introduction
Rhaponticin (1, Fig. 1 ) is a naturally occurring stilbene glucoside known for its estrogenic effects. Among others, extracts from the plant rheum rhaponticum ("rhubarb") [1, 2] containing significant amounts of 1 are used as alternative cures [3, 4] to the classical hormone replacement therapy mitigating the side effects often associated with the female menopause, e. g. headache and dizziness. Typically, pure samples of 1 are gained from its natural sources, e. g. species of rheum [5, 6] , eucalyptus [7] or guibourtia [8] .
Interestingly enough, although 1 has been used in Traditional Chinese Medicine (TCM) [1, 2] for more than 5000 years, and its isolation and structure [9, 10] have been known for several decades, no total synthesis of 1 has been described as yet. Recently, stilbenes came in the focus of scientific interest because of their antitumor activity [11] through antiangiogenic action [12] , and as neuroprotectants [13, 14] .
Results and Discussion
Retrosynthetic analysis of 1 revealed 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide (2) as an easily accessible starting material for the synthesis of 1. Although stilbenes can be obtained [15] by Wittig and Wittig-Horner reactions, Peterson olefinations, aldol-type condensations, Negishi-Stille as well as by Barton-Kellog-Staudinger reactions, Siergrist's method, or McMurry coupling reactions, the use of a 0932-0776 / 11 / 0300-0311 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Heck-Mizoroki reaction to make the (E) configurated stilbene seemed most promising.
Thus, commercially available 3,5-dimethoxyaniline (3) was transformed in situ [16, 17] into the diazonium salt (Scheme 1); its reaction with KI yielded the iodo compound 4 whose demethylation [18] led to 5-iodobenzene-1,3-diol (5). Compound 5 was used as an aglycone in the silver carbonate-mediated reaction [19] with 2 to afford the β -configurated glycoside 6 in 82 % yield. The anomeric configuration of 6 was deduced from the 3 J 1-H,2-H coupling constant (8.2 Hz) which is typical for a trans 1-H/2-H (i. e. β -glycosidic) configuration in the pyranoside.
The starting material for the Heck coupling was obtained from 3-hydroxy-4-methoxy-benzaldehyde (7) . Its Wittig olefination [20] using methyltriphenylphosphonium iodide in the presence of tBuOK gave styrene 8 in 84 % yield.
Heck-Mizoroki coupling reactions can be performed under a great variety [21, 22] of conditions. To avoid an extra protection/deprotection sequence, triethanolamine [23] and a solvent. An additional advantage of these reaction conditions is the simultaneous cleavage of the acetyl groups from the sugar moiety during the coupling reaction. Therefore, 1 was obtained by the HeckMizoroki coupling in an 82 % isolated yield.
To perform binding studies, a route to the 3"-fluoro analog 12 (Scheme 2) seemed of interest and had to be established. A fluoro substituent is normally expected to be able to mimic the hydrogen bondaccepting properties of an OH group. The well accessible 3-deoxy-3-fluoro-1,2:5,6-di-O-isopropylidene-α-D-glucofuranose (9) was transformed into the corresponding glucopyranosyl bromide 10 as described above. Compound 10 is characterized in its 19 
Experimental Section

General methods
Melting points are uncorrected (Leica hot stage microscope). Optical rotation data were obtained using a PerkinElmer 341 polarimeter (1 cm micro cell, 20 • C). NMR spectra were recorded using the Varian spectrometers Gemini 200, Gemini 2000 or Unity 500 (δ given in ppm, J in Hz, internal SiMe 4 or internal CCl 3 F standards). IR spectra (film or KBr pellet) were recorded on a Perkin-Elmer FT-IR spectrometer Spectrum 1000. Mass spectra were taken on an Intectra GmbH AMD 402 (electron impact, 70 eV) or a Thermo Electron Finnigan LCQ (electrospray, voltage 4.5 kV, sheath gas nitrogen) instrument. For elemental analysis a Foss-Heraeus Vario EL instrument was used. TLC was performed on silica gel (Merck 5554, detection by UV absorption or by treatment with a solution of 10 % sulfuric acid, ammonium molybdate and cerium(IV) sulfate, followed by gentle heating). The solvents were dried according to usual procedures.
2,3,4,6-Tetra-O-acetyl-α-D-glucopyranosyl bromide (2)
Compound 2 was obtained from commercial penta-Oacetyl-α-D-glucopyranose and HBr/AcOH. Prior to use, 2 was re-crystallized from diisopropyl ether, and stored in the dark over KOH.
1-Iodo-3,5-dimethoxybenzene (4)
To a mixture of 3,5-dimethoxyaniline (3) 
5-Iodobenzene-1,3-diol (5)
Compound 4 (3.0 g, 11.3 mmol) was added in several portions to a solution of boron tribromide (3.0 mL, 31.6 mmol) in dry dichloromethane (50 mL) at −20 • C. The mixture was allowed to warm to 25 • C over night, diluted with water (25 mL) the pH being adusted to 10 (addition of conc. NaOH), and extracted with diethyl ether (2 × 50 mL). The pH of the aqueous phase was adjusted to 1 (addition of conc. ν = 3314br, 1609s, 1588s, 1481s, 1385m, 1347m,  1318m, 1294m, 1275m, 1216w, 1200w, 1152s 
(3-Hydroxy-5-iodophenyl) 2,3,4,6-tetra-O-acetyl-β -Dglucopyranoside (6)
To a solution of 5 (2.07 g; 8.8 mmol) and 2 (3. 
2-Methoxy-5-vinyl-phenol (8)
A solution of methyltriphenylphosphonium iodide (14.96 g, 37.0 mmol) and potassium tert-butoxide (4.48 g, 40.0 mmol) in dry THF (100 mL) was stirred for 30 min at 25 • C. 3-Hydroxy-4-methoxybenzaldehyde (7) (2.13 g, 14.0 mmol) was added in several portions, and stirring at 25 • C was continued for 12 h. The reaction mixture was diluted with a saturated aqueous solution of NH 4 Cl (25 mL) and extracted with dichloromethane (4 × 25 mL).
The combined organic phases were dried (Na 2 SO 4 ), the solvent was evaporated and the crude product purified by chromatography (silica gel, dichloromethane/hexane 3:1) to afford 8 (1.77 g, 84 %) as a slightly yellowish solid. M. p. 57 -58 • C (lit. [25] : 56 -57 • C). -IR (KBr): ν = 3317br, 3088m, 3005m, 2961m, 2933m, 2839m, 1612m,  1579s, 1512s, 1461m, 1440s, 1341s, 1271s, 1263s 
Rhaponticin (1)
To a solution of 6 (1.66 g, 2.9 mmol) in triethanolamine (10 mL) containing palladium acetate (10 mg, 0.04 mmol), compound 8 (0.44 g, 2.9 mmol) was added, and the mixture was heated at 100 • C for 4 h. After cooling to 25 • C, ethanol (50 mL) was added, the mixture was filtered, and the solvents were removed from the filtrate under reduced pressure. The crude product was purified by chromatography (silica gel, dichloromethane/methanol 9:1) to afford 2 (1. ν = 3482br, 2900w,  2361w, 1758w, 1611w, 1584w, 1513w, 1460w, 1439w,  1317w, 1292w, 1260w, 1213w, 1175w, 1145w, 1132w , 1085w, 1059w, 1026w cm −1 . -UV/Vis (MeOH): λ max (log ε) = 343 nm (4.45). 
2,4,6-Tri-O-acetyl-3-deoxy-3-fluoro-α-D-glucopyranosyl bromide (10)
A solution of 3-deoxy-3-fluoro-1,2:5,6-di-O-isopropylidene-α-D-glucofuranose (9) (4.0 g, 15.2 mmol) in water (25 mL) containing conc. sulfuric acid (98 %, 2 mL) was stirred at 25 • C for 24 h. The reaction mixture was neutralized by careful addition of solid sodium hydrogencarbonate, and the solvents were removed under reduced pressure. The residue was suspended in methanol (50 mL), the mixture filtered and the filtrate evaporated. The residue was slowly added to a mixture of HClO 4 (70 %, 0.25 mL) in Ac 2 O (5 mL) keeping the temperature < 30 • C. After completion of the reaction (as monitored by tlc), water (20 mL) was added, and the product was extracted with dichloromethane (4 × 25 mL). The organic layer was washed (aq. NaHCO 3 , water, brine, 10 mL each) and dried (Na 2 SO 4 ), and the solvents were evaporated. The residue was re-dissolved in dry dichloromethane (30 mL), and HBr in AcOH (6 mL, 30 %) was added. Stirring in the dark at 25 • C was continued for another 12 h. The reaction mixture was poured onto ice/water and extracted with dichloromethane (5 × 25 mL). The organic phase was washed (NaHCO 3 , water, brine, 10 mL each), dried (Na 2 SO 4 ) and evaporated to yield 10 (3.1 g, 55 %) as a highly viscous oil [28] . 
(3-Hydroxy-5-iodophenyl) 2,4,6-tri-O-acetyl-3-deoxy-3-fluoro-β -D-glucopyranoside (11)
To a solution of 5 (2.1 g, 8.5 mmol) in acetonitrile (20 mL) at 25 • C, compound 10 (3.15 g, 8,5 mmol) was added, and the mixture was stirred for 30 min. Silver carbonate (2.4 g, 8.7 mmol) was added, and the mixture was stirred for another 8 h and filtered, and the solvents were removed from the filtrate. Chromatography (silica gel, hex-
